Industrial pulp and fiber of Eucalyptus and Fagus were investigated for possible identification of secondary metabolites, using chloroform, ethanol and methanol/HCl extracts. The total phenolics test was positive with all the samples and some phenolic compounds like vanillin, vanillic acid and syringic acid were identified by HPLC analysis in the ethanol and methanol-HCl extracts. The extracts had also DPPH radical scavenging activity. Fatty acids like palmitic acid, linoleic acid, oleic acid and stearic acid, cholestane and its derivatives were found in the different extracts by GC/MS analysis. Squalene was also identified and quantified by GC/FID in the dichloromethane extracts. The results showed that the industrial pulp and fibers still contain some secondary plant products comparable to those of the original woods, which confirm the 'botanical origin' of the fibers and enables the natural fibers to possess some biological properties, like DPPH antioxidant activity.
Eucalyptus and Fagus woods are two important raw materials used in the textile industry, for example for TENCEL® and Modal® fiber production, respectively. In the pulp and paper industry, extractives from both softwoods and hardwoods cause production and environmental problems. A number of studies have been undertaken on lipophilic wood extractives to determine their composition and to solve pitch problems. Compounds like phenolic acids (ferulic, ellagic, gallic, syringic, vanillic, benzoic and cinnamic acids), aldehydes, tannins, fatty acids, terpenes, sterols, sterol esters, and glycerides have been detected in different types of Eucalyptus and Fagus woods [1] [2] [3] [4] [5] .
In the present study, phytochemical investigations have been performed on Eucalyptus and Fagus pulp and fiber samples, to see if some secondary plant products are still detectable after the above mentioned industrial processes. HPLC and GC/MS methods have been used for the different extract analyses and the antioxidant activity of the extracts has been tested to evaluate the functionality of the compounds.
The total phenolic content of both ethanol and methanol/HCl extracts measured by the FolinCiocalteu assay and expressed in µg caffeic acid equivalents (CAE)/g of dried fiber or pulp, are given in Figure 1 . The values varied from 6.5 µg/g with the ethanol extract of Eucalyptus fiber to 16.2 µg/g for the ethanol extract of Eucalyptus pulp. The phenolic content of the ethanol extract of Fagus fiber (9.6 µg/g) was higher than that of Eucalyptus fibers (6.5 µg/g). The inverse order was observed with the methanol/HCl extracts: 13.9 and 11.6 µg/g for the Eucalyptus and Fagus fibers respectively. The hydrolyzed extracts (methanol/HCl) had, in general, higher phenolic contents comparatively than the ethanol extracts.
Cruz et al. [4] had quantified 1.04 g/100 g (gallic acid equivalent) of total phenolics in Eucalyptus globulus wood, using hydrolyzed extracts and the Folin Ciocalteu assay. This value is thousand times higher than that of Eucalyptus pulp. The high decrease of phenolic content from the wood to the pulp is easy to explain by the industrial process of pulp production.
The HPLC/DAD characterization of phenolic compounds in the extracts allowed the identification of vanillin, vanillic acid and syringic acid in both pulp (from wood digestion with magnesium bisulfite acid) and fiber (from the pulp cleaning) extracts (Table 1 ). In the chromatograms of the ethanol extracts of Eucalyptus pulp and fiber, vanillin, vanillic acid and syringic acid were identified and quantified, but only vanillic and syringic acids were identified in the Fagus fiber. Vanillic acid and syringic acid could be identified in each sample. All the identified phenolic compounds were present in small amounts only (0.3 -56 µg/10g of pulp or fiber).
The identified and quantified phenolics could be residual compounds from the original wood remaining in the fiber samples, or could also be derived from the partial depolymerization of some residual lignin. Previous studies on Fagus and Eucalyptus woods have shown, however, that phenolic acids like ferulic acid, vanillin, vanillic acid, syringic acid, cinnamic acid derivative, syringaldehyde and resorcilic acid could be identified in Eucalyptus urophylla [3] and E. globulus [1, 4, [6] [7] [8] . Catechin, coniferyl alcohol and sinapyl alcohol have been isolated from the methanol-water extract of Fagus wood [9] .
GC/MS analysis of the ethanol extract allowed the identification of simple phenolic compounds (vanillic acid, syringic acid), fatty acids (n-tetradecanoic acid, n-pentadecanoic acid, palmitic acid, heptadecanoic acid, linoleic acid, oleic acid, stearic acid), cholestane and its derivatives (cholesterol, cholesta-3,5-dien-7-one), and other compounds (xylose, octadecane) ( Table 2 ). These data are in accordance with the literature on the direct wood study of Eucalyptus [1, 4, [6] [7] [8] . The fatty acids identified in Fagus pulp and fiber were also found in Fagus wood [2] . The phenolic compound 2,4-ditert-butylphenol was identified in the ethanol extract of Eucalyptus fiber only (without silylation reaction). This compound was also identified in E. urophylla wood [3] and is well known as an antioxidant compound. 2,4-Ditertbutylphenol has recently been described as an essential oil component of some plants [10] [11] . It seems to be useful for the distinction between Eucalyptus and other wood sources, but it is not yet clear if this substance is genuine or an artifact of volatile compounds.
Squalene was identified and quantified by GC/FID in the dichloromethane extracts of the pulp and fiber of both Eucalyptus and Fagus. The squalene content varied from 2 -9 µg/10g, with the fiber samples having higher squalene contents than the pulp samples ( Figure 2 ).
Squalene was also identified and quantified in E. globulus wood [6, 7] at variable concentrations. The squalene contents (acetone extract followed by a solid phase extraction fractionation) were 1.6 mg/kg [7] and 38.5 mg/kg [6] . Considering the data of [6] , the Eucalyptus fiber squalene content was <2 fold lower. Squalene is an isoprenoid molecule with cardioprotective [12] , antilipidemic, antioxidant and membrane-stabilizing properties [13] [14] [15] . The protective activity of squalene against ultraviolet radiation [16] and radiation-induced injury in a mouse model has been demonstrated [17] . The presence of squalene in the final industrial textile should have some protective effect on skin.
The presence of active compounds in the pulp and fiber samples was confirmed by testing the antioxidant activity of the ethanol and methanol extracts using DPPH radical scavenging activity. All the extracts had DPPH antioxidant activity and the values ranged from 4.3 -17.1 µg Trolox equivalents/g sample ( Figure 3) .
A correlation of 0.5 was observed between the total phenolic content and the DPPH antioxidant activity. This positive correlation indicates that the phenolic compounds contributed partly to the antioxidant activity. Indeed, the identified phenolic compounds in the samples (vanillic acid, vanillin, syringic acid) are known to have antioxidant activity. Syringic acid is a more potent DPPH radical-scavenger than BHA and BHT and comparable with ferulic acid, vanillic acid and coumaric acid [18] , and presents also antiinflammatory activity [19] . The fatty acids (palmitic, linoleic, oleic, and stearic acids) are known to have antioxidant activity [20] and could contribute to the antioxidant results of the extracts.
The present study showed that pulps and fibers originating from wood materials still contain some (functional) secondary plant compounds after the different industrial processing steps. The industrial Eucalyptus and Fagus fibers and pulps contain, for example, small amounts of vanillin, vanillic acid, syringic acid, fatty acids and squalene, which confirm the 'botanical origin' of the fibers and enables the natural fibers to possess some biological properties, like DPPH antioxidant activity.
Experimental
Fiber samples and sample extractions: Thirteen wood material samples were provided by Lenzing fibers industry, Lenzing/Austria. Lenzing textile general process consists of the transformation of wood to pulp, fiber, yarn and fabric, respectively. The pulp is derived from wood chemical digestion to remove lignin and hemicelluloses, and the fiber derived from the pulp cleaning. The samples analyzed were bleached Eucalyptus pulp (6), produced in craft and sulfite pulping processes, this being the basic material for the production of TENCEL®, Fagus pulp (4) from Lenzing Mg-sulfite pulping process, this being the basis of Lenzing Modal®, and further commercial Eucalyptus (2) and Fagus fiber (1) samples. The pulp samples were cut into small pieces using a paper cutter, and normal scissors were used to cut the fiber samples.
Three different extracts were prepared from each sample: cold-ultrasonic dichloromethane, reflux with ethanol at 80ºC for 6 h, and reflux with methanol/HCl 2N (1:1) extracts. For each type of extraction, 10 g of sample was extracted with 100-170 mL of solvent. The methanol/HCl extract was neutralized with 9-10 g CaCO 3 and partitioned with ethyl acetate (3 x 30 mL), the ethyl acetate part being used. All the extracts were evaporated to dryness under pressure at 40ºC, and dissolved in 1.5 mL methanol for analysis, except those with dichloromethane, which were dissolved in 1.5 mL of dichloromethane for squalene quantification. A blank extract was prepared with each solvent for correction in the different analyses.
Spectrophotometric determination of total phenolics: The Folin Ciocalteu reagent was used to determine the total phenolic content [21] . The extracts (40 µL) in 2 mL H 2 O were mixed with 100 µL of 2N Folin Ciocalteu reagent (Merck, Darmstadt, Germany). This mixture was allowed to stand at room temperature for 3 min and then 200 µL of sodium carbonate (Carl Roth & Co) solution (35 g in 100 mL H 2 O) was added, and the final volume was completed to 5 mL. After 1 h of incubation in the dark, the absorbance was measured at 725 nm against a water blank using a spectrophotometer (HITACHI 150-20, Ltd. Tokyo, Japan). A calibration curve was plotted using caffeic acid (Sigma-Aldrich Chemie, Steinheim, Germany) (0-40 µg). Determination was performed in duplicate and results were expressed as mg of caffeic acid equivalents (CAE)/ g of dried wool or pulp weight.
HPLC determination of phenolic compounds:
The wool and pulp extracts were analyzed by HPLC in a Waters instrument fitted with a PDA996 detector, a 626 pump, a 717 plus autosampler and a Symmetry C18 column (5.0 µm, 4.6 x 150 mm) with a column oven temperature at 25°C. Gradient elution was carried out at a flow rate of 1.5 mL/min using 1% acetic acid: acetonitrile 85:15 (solvent A) and methanol (solvent B). The analysis started with 10% B and a linear gradient was used to reach 100% B within 30 min. From 30 to 40 min B was kept constant at 100%. The quantification of vanillin, vanillic acid and syringic acid (Sigma-Aldrich Chemie, Steinheim, Germany) was conducted using an external standard (1 -150 µg/mL) method and detection was at 250 nm.
GC-MS and GC-FID analysis:
Samples were derivatized as reported by Fukushima and Hatfield [22] with some modification: 1 mL of extract was evaporated to dryness using a rotavapor at 40°C. The dried extract was dissolved in 40 µL of tetrahydrofurane and trimethylsilylated by adding 100 µL of BSA and 10 µL of TMCS. The stoppered tubes with the mixtures were put in an ultrasonicator bath for 5 minutes and kept at 60°C for 30 min. The tubes were cooled to room temperature before GC analysis.
The GC/MS (HP 6890 coupled to HP 5972 mass selective detector; Hewlett Packard, Palo Alto, USA) was equipped with a HP-5MS column (length 30 m x 0.25 mm ID, 0.25 µm film thickness; Agilent, Palo Alto, CA, USA), and data were analyzed on a computer equipped with ChemStation software. Helium (average velocity 39 cm/s) was used as carrier gas and the temperature program consisted of an initial temperature of 160°C (held for 5 min), ramp at 4°C/min to 200°C, ramp at 10°C/min to 240°C (held for 5 min), followed by a ramp of 15°C/min to 300°C (held for 10 min). Samples (1 µL) were injected at 250°C and the split ratio was 50:1. Standards (1 mg/mL) of syringic acid, vanillic acid, palmitic acid, linoleic acid, oleic acid, stearic acid, and squalene were used for identification. Squalene (0-171 µg/mL) quantification was carried out using a GC/FID (6890N Network GC system Agilent Technologies, Palo Alto, USA) equipped with a flame ionization detector and a DB-5 narrow bore column (length 10 m x 0.1 mm ID, 0.17µm film thickness; Agilent, Palo Alto, CA, USA). Helium (average velocity 45 cm/s) was used as carrier gas and the oven temperature was increased from 200 to 275°C at 5°C/min, and held for 10 min. The internal standard was 4-androstene-3,17-dione (250 µg/mL). Samples (0.2 µL) were injected at 260°C front inlet temperature and the split ratio was 50:1.
DPPH radical scavenging activity:
The radical scavenging activity of the sample extracts for the radical 2,2-diphenyl-1-picrylhydrazyl (DPPH, SigmaAldrich Chemie, Steinheim, Germany) was measured as described by Velazquez et al. [23] with some modifications. The extracts (20 µL) were diluted to Phytochemical analysis of wood derived pulp and fiber Natural Product Communications Vol. 3 (12) 2008 2093 100 µL with methanol and mixed with 100 µL of DPPH solution (0.015%). After incubation at room temperature in the dark for 30 min, the absorbance of the reaction mixture was measured at 490 nm using a plate reader (BIO-RAD 450, Japan). Trolox (Fluka, Denmark) (0 -3.756 µg) was used as standard for the calibration curve. A blank consisting of a high concentration of Trolox (31.3 µg) was used to correct all readings. The results were expressed in mg TE/ g of dried wood or pulp weight.
